Purpose: Methicillin-resistant S. aureus (MRSA) belonging to clonal complex 15 (CC15-MRSA) is rare among clinical isolates with few reports from retail camel meat and human patients. This study investigated the genetic relatedness of CC15-MRSA isolated for the first time from patients in Kuwait hospitals.
Introduction
Antibiotic-resistant pathogens continue to threaten the effective delivery of healthcare globally due to the associated limited choices of antibiotics for therapy of serious infections caused by these organisms, prolonged illness, prolonged hospitalization leading to increased cost of treatment and mortality. 1 Methicillin-resistant Staphylococcus aureus (MRSA) remains an important antibiotic-resistant pathogen known to cause a wide range of infections including superficial skin and soft tissue infections and serious invasive infections such as pneumonia, osteomyelitis, and septicemia. 2 Since the initial report in the United Kingdom in the early 1960, 3 MRSA strains have been reported from healthcare facilities and in communities worldwide. 2 Furthermore, the epidemiology of MRSA has changed substantially since the initial report in the UK. MRSA changed from being primarily associated with infections among elderly patients in healthcare facilities (healthcare-acquired MRSA) to colonizing or infecting young and apparently healthy individuals with no previous history of hospitalization in the community (Community-associated MRSA). 1, 4, 5 The emergence of community-associated MRSA (CA-MRSA) was soon followed by reports of MRSA that were associated with livestock or humans associated with livestock which have been described as livestock-associated MRSA (LA-MRSA). [6] [7] [8] [9] [10] [11] Since their description in the early 1990s, different CA-MRSA clones have emerged in different geographical regions with different capacities for global transmission. Whereas strains belonging to ST30-MRSA-IV and ST80-MRSA-IV have been widely reported in different countries, others such as ST59-MRSA and ST93-MRSA-IV have restricted geographical distribution. 1, 2 In addition, novel MRSA clones as well as variants of the established CA-MRSA clones continue to emerge. 12, 13, 15, 18 The constant changes in the distribution of MRSA clones warrants regular surveillance of MRSA in local healthcare facilities to detect the newly emerging clones so as to institute effective control measures and prevent their transmission. 14, 15 MRSA strains belonging to clonal complex 15 (CC15-MRSA) are rare in the literature with only small numbers reported in retail camel meat in Saudi Arabia 12 and in a small number of human patients in Saudi Arabia, 13, 16 Iran 17,18 and
Italy. 19 Whole genome sequencing of four CC15-MRSA isolates cultured from human patients (N=2), and retail meat (N=2) in Saudi Arabia revealed that all four isolates belonged to the same sequence type, ST1535 (13-13-1-1-81-11-13), which is a single locus variant of ST15 and harbored a novel SCCmec V/SCCfus composite genetic element. 20 Significant changes in the distribution of MRSA clones have been reported in Kuwait public hospitals in recent years. The number of MRSA clones in Kuwait hospitals increased from one dominant clone in 1992 to 30 diverse clones in 2010. 21 In addition, novel MRSA clones and variants of well-known clones emerged in the country. 14 This paper reports on the isolation and molecular characteristics of a newly emerging CC15-MRSA clone cultured from clinical samples of patients in Kuwait hospitals.
Materials and Methods

Bacterial Strains
The CC15-MRSA isolates used in this study were collected as part of routine microbiology diagnostic services in Kuwait public hospitals. It is mandatory to submit all MRSA isolates obtained from clinical samples (infection and colonization sites) in public hospitals in Kuwait to the MRSA Reference Laboratory for molecular typing following primary isolation and identification in the diagnostic microbiology laboratories using standard bacteriological methods including growth on mannitol salt agar, gram stain, tube coagulase test and DNase testing. The isolates used in this study were part of the MRSA isolates obtained from 1 January to 31 December, 2016 in all 14 public hospitals. The CC15-MRSA were isolated only in eight diagnostic microbiology laboratories. The isolates were preserved in 40% glycerol (v/v) in brain heart infusion broth at −80 ᴼC. Isolates were subcultured twice on brain-heart infusion agar before processing.
Antibiotic Susceptibility Testing
Antibiotic susceptibility profiles of the isolates were tested by disk diffusion method according to the Clinical Laboratory Standards Institute (CLSI) 22 23 Susceptibility to cadmium acetate (50 µg) mercuric chloride (109 µg) and ethidium bromide (50 µg) was performed as described previously. 24 
Molecular Typing of Isolates
DNA microarray analysis was performed to determine antibiotic resistance genotypes and virulence-related genes, and to assign the isolates to clonal complex (CC) using the Identibac S. aureus genotyping Kit 2.0 (Alere Technology, Jena, Germany) and protocols provided by the manufacturer and described previously. 2 DNA for PCR amplification was isolated and purified as described previously.
14 Spa typing was performed using protocol and primers published previously. 25 Multilocus sequence typing (MLST) was performed using the protocol described by Enright et al. 26 Pulsed-field gel electrophoresis (PFGE) was performed as described previously. 27 Contour-clamped homogenous electric field (CHEF) electrophoresis of SmaI-digested genomic DNA was performed in CHEF-DRIII system (BioRad, Hercules, CA, USA). The run was for 22 h with 5-s initial pulse and 40-s final pulse. Sma-I digested S. aureus strain NCTC 8325 was used as molecular size marker. Following electrophoresis, the gel was stained in ethidium bromide (0.5 mg/L) and photographed under ultra violet illumination. Strain relatedness was determined using BioNumerics software (version 7.0; Applied Maths, Kortrijk, Belgium). The software established similarity between isolates using band-based dice coefficient method with 1.5% optimization and 1.5% band position tolerance. They were separated into similarity clusters by the unweighted-pair group method using average linkages (UPGMA). Relatedness of PFGE profiles was established at a cutoff level of 100% and 90%. The PFGE profiles of MRSA isolates that showed 100% similarity were considered identical and clustered in a single group, while the PFGE profiles of MRSA isolates that showed less than 100% similarity were considered a subtype of that group.
Isolates of PFGE profiles that showed similarity at a cutoff level less than 90% were clustered into different groups. Plasmid analysis was performed by the CTAB method as described previously. 27 Curing, mixed-culture transfer and conjugation experiments were performed as described previously. 28 
Results
Molecular Typing of Isolates
The results of DNA microarray analysis performed on 1327 MRSA isolates obtained from different clinical samples in 2016 identified 42 (3.1%) isolates as CC15-MRSA-V +SCCfus. The distribution of other MRSA clones obtained in 2016 was reported elsewhere. 14 The 42 isolates were cultured from wound swabs (N=14), nasal swabs (N=10), high vaginal swabs (N=5), groin swabs (N=3) blood (N=2), urine (N=2), tracheal aspirate (N=1), eye swab (N=1) with no clinical sources specified for two isolates in eight hospitals including Mubarak hospital, MUB (N=12), Adan hospital, ADH (N=5), Jahra hospital, JH (N=3), Razi hospital, RAZ (N=3), Maternity hospital, MAT (N=11), Sabah hospital, SAB (N=4), Chest-Disease hospital, CDH (N=1), and Farwaniya hospital, FAW (N=3). The isolates were obtained from 25 males and 15 females. The gender of two of the patients was not provided. Spa typing of the 42 isolates revealed five spa types. These were t084 (N=36), t346 (N=3), t228 (N=1), t144 (N=1) and t7583 (N=1). MLST was performed on 20 representative isolates selected on the basis of their spa types as follows: 14 of t084 isolates, all three of t346 and one each of t228, t144 and t7583 isolate. All 20 isolates belonged to the same sequence type, ST1535 (13-13-1-1-81-11-13). ST1535 is a single locus variant of ST15 at the pta locus. These isolates carried pta 81 instead of pta12 in traditional ST15 isolates. 20 PFGE of the 42 isolates yielded four closely related patterns designated types A-D with the majority of the isolates belonging to PFGE type A and its subtypes ( Figure 1 ). The t084 isolates were clustered among PFGE type A (N=28) and its subtypes A1 (N=9), type A2 (N=1) and type D (N=1). Isolates of PFGE types B (N-1) and C (N=3) corresponded to spa types t228 and t346, respectively. The t114 isolate belonged to PFGE type A1.
Plasmid analysis of the 42 isolates revealed the presence of a single c.28kb plasmid in 39 isolates. Three isolates harbored a single plasmid of c18kb and one isolate contained a 4.4kb plasmid (Figure 2 ).
Four isolates representing three plasmid patterns and spa types, t084, t114, t346, t228 and t7583 were selected for curing and transfer experiments to determine the resistance phenotypes of the plasmids. Colonies were screened for the loss of resistance to gentamicin, kanamycin, trimethoprim, tetracycline, and cadmium acetate. A minimum of 600 colonies were screened for loss of resistance to the selected antibiotics. None of the resistance screened was lost in any of the four isolates. Similarly, no resistance was transferred from any of the four isolates when used as donors in conjugation and mixed-culture transfer experiments.
Antibiotic Resistance Phenotypes and Genotypes
All 42 isolates were susceptible to vancomycin (MIC: ≤2 mg/L), teicoplanin (MIC: ≤2 mg/L), linezolid, rifampicin, trimethoprim, chloramphenicol, erythromycin (MIC: ≤0.5 mg/L) and clindamycin (MIC: 0.19-0.38 mg/L) but were resistant to penicillin G and cefoxitin (N=42), gentamicin (N=42), Kanamycin (N=42), fusidic acid (N=42), tetracycline (N=36) and ciprofloxacin (N=2). All isolates were resistant to cadmium acetate.
The resistance genotypes of the isolates are summarized in Table 1 . The resistance genotypes matched the corresponding resistance phenotypes with the exception of the presence of inu(A). inu(A) (lincosamide nucleotidyltransferase), which confers resistance to lincomycin and clindamycin, was detected in all 42 isolates although they were phenotypically susceptible to clindamycin (MIC: 0.19-0.38 mg/L).
All isolates carried fusC which mediates fusidic acid resistance. In addition to aacA-aphD which mediates resistance to gentamicin, kanamycin and tobramycin; 39 of the isolates were positive for aadD which encodes resistance to kanamycin, neomycin and tobramycin. None of the isolates was positive for the aphA3, which mediates resistance to neomycin and kanamycin. One isolate was positive for erm(C).
Prevalence of Virulence-Related Genes
Results of DNA microarray analysis revealed that, with few exceptions, the isolates were remarkably homogeneous in the carriage of virulence-associated genes as presented in Table 1 .
All 42 isolates were positive for genes for accessory gene regulator (agr) type II, and capsular polysaccharide type 8 (cap8), clumping factor A (clfA), clumping factor B (clfB), cell-wall-associated fibronectin-binding proteins (ebh), fibronectin-binding protein A and B (fnbA/B), biofilm-associated genes, icaA, icaC and icaD, and genes encoding microbial surface compounds recognizing adhesive matrix molecules, enolase, and hyaluronate lyase (hysA1). The isolates were also positive for transferrin binding protein, isdA and the type 1 site-specific deoxyribonuclease subunit, hsdSx (CC15) and hsdSx (CC25) but not hsdS1, hsdS2 and hsdS3. All isolates lacked genes for Panton-Valentine leucocidin (PVL), staphylococcal enterotoxins, toxic-shock syndrome toxin (TSST), exfoliative toxins, and epidermal cell differentiation inhibitors, edinA, edinB and edinC, arginine catabolic mobile element (ACME) and collagen-binding adhesins (cna).
The isolates were variable in the carriage of genes for leukocidins, haemolysins; Immune evasion clusters and proteases as summarized in Table 1 . Whereas all isolates were negative for lukM components, they were all positive for lukF, lukS, lukD, but differed in the carriage of luKE, lukX and hlgA. For the Immune evasion cluster genes, all 42 isolates were positive for Chp (chemotaxis-inhibiting proteins) and scn (staphylococcal complement inhibitor) and were negative for sak (staphylokinase). The haemolysins encoding gene hlb (haemolysin B) was absent in one t084 and in the t346 isolates ( Table 1) .
Distribution of the CC15-MRSA-V +SCCfus Isolates in the Hospitals
The time line for the isolation of the CC15-MRSA-V isolates is summarized in Table 2 . The isolates were obtained from eight hospitals with most of them identified in two hospitals, namely, MUB (N=13) and MAT (N=11). The first isolate was obtained in January from a High Vaginal Swab sample of a patient at the MAT. The numbers that were isolated in subsequent months varied with higher numbers isolated in November (N=8), August (N=7), April (N=5) and December (N=5). Table 3 shows the distribution of the 36 spa type t084 isolates. The t084 isolates were widely distributed with 19 of the 36 isolates originating from two of the eight hospitals. The isolates were obtained from different clinical samples representing colonization and infection sites with most of the isolates cultured from nasal (N=9) and wound (N=8) samples.
Discussion
This study reports the isolation of CC15-MRSA-V +SCCfus isolates from human patients in Kuwait hospitals. Prior to this report, CC15-MRSA-V+SCCfus isolates were isolated sporadically from retail camel meat 12 and human patients in Saudi Arabia. 13, 20 The report of 42 CC15-MRSA-V+SCCfus isolates in this study represents the largest collection of CC15-MRSA-V+SCCfus isolates reported in the literature among human patients and represents a significant change in the epidemiology of this clone and its expansion into the human patient population. The 42 CC15-MRSA-V+SCCfus in this study belonged to ST1535, harbored SCCmec V, agr II, and the novel SCCfus composite genetic element similar to the isolates obtained from retail camel meat 12 and human patients reported previously in Saudi Arabia 20 and may be related to them. However, although the isolates obtained from Kuwait and Saudi Arabia belonged to the same genotype, CC15-MRSA-V+SCCfus, they were not homogeneous. Although the majority of the isolates from Kuwait belonged to spa type t084, few isolates of spa types, t114, t228, t346 and t7583 were also detected. Similarly, in addition to spa type t084, the CC15-MRSA-V+SCCfus identified in Saudi Arabia also included isolates with different spa types, t328, t393 and t385 20 suggesting that the isolates from both countries may have evolved differently. The detection of CC5-MRSA-V +SCCfus isolates with diverse spa types provides evidence of an ongoing diversification of the clone. The report of CC15-MSSA belonging to spa type t346 among S. aureus isolated in different European countries 29 supports the independent acquisition of the SCCmec V and fusC, as seen in this study, by CC15-MSSA isolates. Therefore, it is important to continue to monitor the evolution of this clone in the region.
Prior to the report of CC15-MRSA-V+SCCfus isolates in Saudi Arabia, CC15-MRSA-IV isolates belonging to ST15 and accessory gene regulator group II (agr II), were reported in a small number of human patients in Saudi Arabia 16 and Iran, 17, 18 and an isolate of ST15-MRSA-I was reported in a patient in Italy. 19 Therefore, the CC15/ST1535-MRSA-V+SCCfus isolates in this study and those obtained in Saudi Arabia 12,13 represent newly emerging variants of the CC15-MRSA lineage. Further support for the new emergence of the CC15-MRSA-V +SCCfus isolates is the report of the presence of hsdM/ hsdS variants of the type 1 site-specific deoxyribonuclease subunit in the isolates from Saudi Arabia. 20 The hsdM/ hsdS variants were suggested to facilitate the uptake of new foreign DNA that promoted the emergence of CC15-MRSA. 20 The CC15/ST1535-MRSA-V+SCCfus isolates carried one SCCfus composite genetic element which has recently been reported in fusidic acid-resistant MRSA isolates belonging to different genetic backgrounds including CC1, CC5, CC8, CC22, CC30, CC45, CC152, CC97 and CC913 14, 21, [30] [31] [32] [33] and appears to have contributed to the recent increases in the prevalence of fusidic acid resistance in MRSA isolates. Surprisingly, although phenotypically susceptible to erythromycin (MIC: ≤0.5 mg/L) and clindamycin (MIC: MIC: 0.19-0.38 mg/L), the isolates were positive for inu(A) that confers resistance to clindamycin and lincomycin, and one of the isolates was positive for erm(C) that encodes erythromycin resistance suggestive of the presence of unexpressed resistance genes. Similarly, Raji et al 12 reported the presence of mecA in CC15-MRSA-V+SCCfus isolates that were phenotypically susceptible to cefoxitin. Our results, obtained with DNA microarray, mirrored the results obtained with whole genome sequencing of the isolates from Saudi Arabia with regards to the presence of some virulence-related genes. 20 Similar to the results with isolates from Saudi Arabia, 20 the isolates in this study harbored a variety of virulence genes except genes for staphylococcal enterotoxins, toxic shock syndrome toxin and exfoliative toxins (Table 1) . Similarly, non-human clones of Livestock-associated MRSA isolates such as CC398 8, 34, 35 and CC97 36 also lack genes for staphylococcal enterotoxins and toxic shock syndrome toxin suggesting that the CC15-MRSA-V+SCCfus may be related to LA-MRSA lineage.
The results also revealed the presence of the Immune evasion cluster genes, scn and chp, and the absence of sak. Since sak is thought to be associated with tissue invasion, its absence in the CC15 lineage has been used to explain their association with carriage rather than invasive infections. 20 However, a few of the isolates in this study were obtained from blood cultures and other invasive clinical samples suggesting that at least some of the CC15-MRSA isolates can also cause invasive infections. Unfortunately, no information was available to indicate whether these patients had catheter or IV lines which could explain their presence in the bloodstreams. It is possible that because only few CC15-MRSA isolates have been reported till date, the range of infections they are capable of causing has not been fully appreciated. As more CC15-MRSA-V+SCCfus are isolated from human patients and studied, more will be known about their capacity to cause infections. Although isolated in eight hospitals, most of the isolates were obtained from two hospitals. However, the pattern of isolation shown in Table 2 suggests that the isolates were not associated with outbreaks. This is supported by the fact that the isolates were obtained from single patients except in November where two isolates were obtained from two different sites in the same patient. Nevertheless, the isolation of spa type t084 in each of the eight hospitals suggests that, given the right conditions, patient-to-patient transmission can occur. It will be interesting to see how this clone will evolve in the future.
Limitations of this study include lack of information regarding travel history of the patients who harbored these strains which would help establish any epidemiological relationship with the isolates from Saudi Arabia. We also do not have information regarding animals contact or consumption of camel meat. Information is also not available regarding whether the patients were colonized or infected at the time of admission to the hospital. Furthermore, it is not known whether patients whose blood cultures yielded CC15-MRSA -V+SCCfus had catheters or IV lines which could aid the survival of these strains in the blood stream.
Conclusion
We report the isolation and characterization of an emerging CC15-MRSA-V+SCCfus clone from patients in eight hospitals in Kuwait. The isolates belonged to sequence type, ST1535 and closely related pulsotypes. The isolates belonged to different spa types with t084 as the dominant spa types. The isolates expressed resistance to multiple antibiotics including fusidic acid, gentamicin, and tetracycline, harbored genes for multiple virulence factors but lacked genes for staphylococcal enterotoxins, toxic shock syndrome toxins and exfoliative toxins. Future surveillance is required to monitor the isolation of this clone in other hospitals in the country.
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